Abstract: This study was the first fatty acid analysis and biological activity report on an endemic Achillea species, Achillea cappadocica Hausskn. et Bornm. The major compounds in the fatty acid were identified as oleic (34.7%), palmitic (23.1%), and linoleic acids (20.6%). The methanol and water extracts indicated higher ABTS cation radical scavenging activity than that of α -tocopherol and BHT at 100 µ g/mL. The acetone extract showed 70.62% inhibitory activity against butyrylcholinesterase at 200 µ g/mL. The acetone and methanol extracts exhibited moderate antimicrobial activity.
Introduction
In Turkey, the genus Achillea (Asteraceae) is represented by 50 species and 58 taxa; 31 taxa are endemic.
1−3
Achillea species, which are known as civan perçemi, pireotu, yilançiçegi, ormaderen, buyucan, kiliçotu, anḑ coban kirpigi in Turkish, are widespread all over the world, and many of them have been used in traditional medicine as an antiinflammatory, diuretic, and emmenagogue and for wound healing.
4−7 They also possess antiemetic, antiviral, antiallergic, and antiirritant effects. 8−10 They are rich in sesquiterpene lactones, lignans, and flavonoids. 11, 12 Many studies such as on antioxidant, anticholinesterase, antimicrobial activity, and fatty acid composition have been conducted on Achillea species.
13−16
A literature survey showed that there were no previous phytochemical and biological reports on an endemic Achillea species, A. cappadocica Hausskn. et Bornm . 1 We aimed to evaluate the antioxidant, anticholinesterase, and antimicrobial activities of the petroleum ether, acetone, methanol, and water extracts of A. cappadocica with their total flavonoid and phenolic contents in the current study. The petroleum ether extract was also analyzed to determine its fatty acid composition by GC/MS. β -Carotene-linoleic acid test system, DPPH free and ABTS cation radical scavenging activity, and cupric reducing antioxidant capacity assays were carried out to indicate the antioxidant activity. The anticholinesterase and antimicrobial potentials of the extracts were determined by Ellman and disk diffusion methods, respectively. The antioxidant activity of the petroleum ether (ACP), acetone (ACA), methanol (ACM), and water (ACW) extracts prepared from the whole plant material was evaluated using different in vitro methods. The inhibition of lipid peroxidation was determined by β -carotene-linoleic acid test system, their scavenging capacity by DPPH free radical and ABTS cation radical decolorization methods, and their reducing potential by CUPRAC assay with their total flavonoid and phenolic contents. BHT and α -tocopherol were used as reference compounds in the antioxidant assays. The acetone and water extracts, having almost the same inhibition of lipid peroxidation, exhibited moderate activity in the β -carotene bleaching method at 100 µ g/mL ( Figure 1 ). The methanol extract, which possessed the richest phenolic and flavonoid contents among the tested extracts, showed moderate DPPH free radical scavenging activity at 100 µ g/mL comparable to those of the standard compounds ( Table 2 ; Figure 2 ). The acetone, methanol, and water extracts indicated over 80% inhibition in ABTS cation radical scavenging assay at 100 µ g/mL ( Figure 3 ). None of the extracts had a cupric reducing effect. 10 µg/mL 25 µg/mL 50 µg/mL 100 µg/mL * * * * * 10 µg/mL 25 µg/mL 50 µg/mL 100 µg/mL * * * * * * * * * * * 10 µg/mL 25 µg/mL 50 µg/mL 100 µg/mL * * * Mekinic et al. reported that 80% ethanol extract of A. millefolium showed the highest antioxidant and acetylcholinesterase capacities among the tested plants. 16 In the present work, all of the extracts were inactive against acetylcholinesterase. As shown in Table 3 , the acetone extract possessed the same inhibitory activity against butyrylcholinesterase (70.62%) as compared with a reference compound, galanthamine, at 200 µ g/mL.
Results and discussion
Other treatments did not show any anticholinesterase activity. The acetone and methanol extracts exhibited moderate antimicrobial activity (inhibition zone < 20-12 mm) at 30 mg/mL concentration against E. coli and C. albicans (Table 4) . Results obtained from the disk diffusion method did not make it necessary to indicate the minimum inhibition concentration (MIC). To the best of our knowledge, the current study is the first investigation on A. cappadocica. This work showed that the petroleum ether extract that possessed nonpolar compounds did not have antioxidant, anticholinesterase, or antimicrobial effects. In addition, the acetone, methanol, and water extracts having polar compounds showed strong ABTS cation radical scavenging activity. Further phytochemical and biological studies on the polar extracts of A. cappadocica could be carried out to identify their active compounds. 
Esterification of total fatty acid and GC/MS conditions
A hundred milligrams of the petroleum ether extract was refluxed in 0.1 M KOH solution in 2 mL of methanol for 1 h, the solution was cooled, and 5 mL of water was added. The aqueous mixture was neutralized with 0.5 mL of HCl solution and it was extracted with diethyl ether:hexane (1:1; 3.5 mL). The separating organic phase was washed with 10 mL of water and dried over anhydrous Na 2 SO 4 . The solvent was evaporated under vacuum and then fatty acid methyl esters were obtained. 17 The analyses were performed using a Thermo Scientific Polaris Q GC-MS/MS. The GC/MS procedure described by Sabudak et al. was applied. 
Preparation of the extracts
The plant material (100 g) was dried and powdered, and it was sequentially macerated with petroleum ether (250 mL × 3), acetone, methanol, and water for 24 h at 25 • C. After filtration, the solvents were evaporated to obtain crude extracts.
Determination of total flavonoid and phenolic contents
The concentrations of flavonoid and phenolic contents of the crude extracts were expressed as quercetin and pyrocatechol equivalents, respectively, and they were calculated according to the following equations: 27 The hydrolysis of these substrates was monitored using a BioTek Power Wave XS at 412 nm.
Antimicrobial activity of the extracts
The extracts were tested using the disk diffusion method against gram-positive bacteria (Streptococcus pyogenes ATCC19615, Staphylococcus aureus ATCC 25923), gram-negative bacteria (Pseudomonas aeruginosa ATCC 27853, Escherichia coli ATCC 25922), and a yeast (Candida albicans ATCC10231), which were purchased from Refik Saydam Sanitation Center (Turkey). 28 Bacterial strains were cultured overnight in nutrient broth (NB)
at 37
• C and C. albicans at 30
• C. The nutrient agar plates were inoculated with 100 µ L of microorganism culture (10 8 CFU/mL). Fifteen microliters of the extracts (10, 20, 30 mg/mL) was loaded onto a sterile filter paper disk (6 mm) and placed on the inoculated plates. The seeded plates were incubated at 37
• C for bacteria (24 h ) and 30
• C for yeast (48 h). The same procedure was applied for the positive controls, imipenem (IPM) and nystatin for bacteria and yeast, respectively.
Statistical analysis
The results of the antioxidant and anticholinesterase activity assays were mean ± SD of 3 parallel measurements.
The statistical significance was estimated using Student's t-test. P values <0.05 were regarded as significant.
